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Executive Summary 
This Rapid Evidence Assessment used the systematic review procedure to assess the 
current evidence available on the impact of microplastics on freshwater and estuarine 
biota. It is important to understand what consequences microplastics may cause in the 
environment. Furthermore, we need to understand which types of microplastics cause 
impacts and at what concentrations. 
A review was conducted of the primary literature, including grey literature, which reported 
evidence of the impact of microplastics on freshwater and estuarine biota. A particular 
focus were those publications which reported evidence on the extent to which 
microplastics influence the behaviour, feeding, growth, reproduction and survival of 
freshwater and estuarine biota, and any thresholds at which impacts occurred. 
Publications released prior to April 2019 were included in this review. 
Evidence was acquired according to a predefined set of questions, compiled into a 
database containing full details of the source and its relevance to the project questions, 
and the evidence analysed, taking into account reporting biases in the literature, to 
produce a digestible summary of the evidence base available to answer the main project 
question and sub-questions, namely,  
What is/are the impact(s) of microplastics on freshwater and estuarine biota?  
a) To what extent do microplastics influence the feeding, growth, reproduction and 
survival of freshwater and estuarine biota? Do we know trigger levels or threshold 
values for microplastic impacts on biota? 
b) Are any differences between different taxonomic groups observed?  
c) Are results from laboratory studies relevant to microplastics at environmentally 
relevant field concentrations? 
d) Are any adverse impacts attributable to the particles or to adsorbed 
chemicals/microbes on the particles?  
e) Is there evidence to suggest impacts on populations of aquatic organisms? 
A set of pre-defined terms were used to search various databases and 2,172 potential 
evidence sources were identified. Further screening resulted in the identification of 105 
unique sources that were used to provide evidence of the impact of microplastics on 
freshwater and estuarine biota.  
The reliability of studies was scored using the CRED (Criteria for reporting and evaluating 
ecotoxicity data) method. Half of the studies achieved two thirds or less of the available 
points, indicating that the majority of studies of the impact of microplastics on freshwater 
and estuarine biota were unreliable in several aspects. Reliability scores indicated that 
published studies have become less reliable over time. Only studies which achieved 
reliability scores equal to or better than median reliability scores (corresponding to a total 
accumulated score of 20 or more out of a possible 30, and 3 zeros or less, out of a 
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possible 15) were used to derive relationships between the size of particles and 
ecotoxicological thresholds, to ensure that the relationships were based on valid data. 
To what extent do microplastics influence the feeding, growth, reproduction and survival of 
freshwater and estuarine biota? Do we know trigger levels or threshold values for 
microplastic impacts on biota? 
Threshold values reported from dose-response experiments were compiled and grouped 
according to ecotoxicological endpoints, namely effects on behaviour, feeding, growth, 
reproduction and survival. Other endpoints have been considered (metabolism and gene 
expression), but the link between the measured characteristic and a negative biological 
consequence for these was less strong. By far the largest number of tests were conducted 
where the test organisms were exposed to microplastics suspended in water, rather than 
introduced into the sediment or food. Hence, further analysis focussed on studies which 
considered waterborne exposure. Various units were used to report the dose of 
microplastics used in the ecotoxicological tests, making comparison among the different 
evidence sources more difficult. Furthermore, quantification of the exposure dose in terms 
of mass per unit volume (or mass), as is typical for most environmental contaminants, is 
not appropriate for microplastics. Microplastics occur as particles of various sizes and, 
therefore, vary in mass per particle. Thus, for a given mass the number of particles that 
organisms are exposed to will vary dependent on their size. From evidence review 1 (ER1) 
it was apparent also that the concentration of particles found in the environment was 
related to their size, indicating that environmental exposure concentrations are size 
dependent. Hence, to enable comparison amongst studies, thresholds expressed as mass 
of plastic were converted to count of particles.  
Where thresholds were identified, the type of threshold values reported varied among the 
different evidence sources (e.g. Lowest Observed Adverse Effect Level, EC50). As it is not 
possible to convert between threshold types, all threshold types were considered. 
For the ecotoxicological endpoints behaviour, feeding, growth, reproduction and survival 
there was a clear relationship between the size of the particles used in the test and the 
threshold at which an effect was seen: the concentration required to cause an impact is 
related to the size of the particles of microplastic. The relationships between the size of 
particles used in tests and threshold effect concentrations amongst the five endpoints did 
not follow the pattern that might be expected assuming that the concentration necessary to 
illicit a response in an endpoint is positively related to the severity of the endpoint. 
Are any differences between different taxonomic groups observed?  
Taxonomic coverage of test organisms was limited. However, there were sufficient data to 
test the influence of taxonomic group used on size-specific thresholds for Crustacea, fish 
and algae. There was no significant effect of either the endpoint measured or the 
taxonomic group used, suggesting that there is no difference in sensitivity among different 
species. However, there was evidence to indicate that taxa are selective in their uptake of 
microplastics from the environment which may influence the susceptibility of biota to the 
impact of microplastics. 
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Are results from laboratory studies relevant to microplastics at environmentally relevant 
field concentrations? 
A limited range of particle types and polymers have been used in ecotoxicological tests. 
Most tests used virgin, bead shaped particles and, as such, the types of microplastics 
used in ecotoxicological tests do not reflect the types of microplastics that are found in the 
environment well. However, there were sufficient data for specific polymers to test the 
influence of the polymer used on size-specific thresholds: no significant effect of polymer 
was found.  
The range of sizes of plastic particles used in ecotoxicological studies included both micro- 
and nanoplastic particles. The median size used across all laboratory studies was 10 μm, 
whereas the median smallest particle size considered by monitoring studies of 
microplastics in estuaries and freshwaters were 200 and 100 μm respectively, largely 
constrained by the methods used. Therefore, the size range of particles used in 
ecotoxicological tests did not compare well with the size range of particles for which 
concentrations have been quantified in the environment. This mismatch adds uncertainty 
to our understanding of risk from microplastics. However, the mean concentrations at 
which effects were seen in ecotoxicological tests were more than 6 orders of magnitude 
higher than mean concentrations observed in the environment: most tests have been 
conducted at concentrations of microplastics that are not environmentally relevant.  
Are any adverse impacts attributable to the particles or to adsorbed chemicals/microbes 
on the particles? 
The majority of laboratory based ecotoxicological studies used primary (virgin) microplastic 
particles, such that any effects observed could only be attributable to the particles, and not 
to any adsorbed chemicals or microbes. However, there was evidence that considered the 
effect of chemicals adsorbed onto microplastics. The evidence sources reported both 
positive and negative effects, as well as no consistent dose response. However, due to 
variety of designs used in studies, it was not possible to draw substantial conclusions with 
regards the interaction between microplastics and chemicals. No studies considered 
effects of microbes attached to particles. 
The limited data available indicate that the polymer of which virgin microplastic particles 
are comprised does not have an influence on their toxicity.  
Is there evidence to suggest impacts on populations of aquatic organisms? 
No studies provided evidence to suggest that microplastics had an impact on populations 
of aquatic organisms. Currently, there is insufficient evidence (particularly of damage in 
field populations associated with high concentrations of microplastics) to draw any 
conclusions regarding the impacts of microplastics on populations of freshwater or 
estuarine biota. 
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What is/are the impact(s) of microplastics on freshwater and estuarine biota? 
In order to establish a threshold concentration where microplastics present a hazard to a 
limited number of taxa, quantile regression (based on the 10th percentile) was used to 
determine the size-specific concentration of microplastics that was lower than 90% of the 
thresholds identified for survival and, as a more conservative limit, across all the endpoints 
tested including sublethal effects. By comparing these thresholds with the data on mean 
concentrations of microplastics reported from field samples, it was apparent that the 
calculated size specific threshold concentration for lethal effects was considerably higher 
than 99% of reported environmental concentrations. Lethal effects of microplastics on 
freshwater and estuarine biota are highly unlikely. Over certain size ranges the calculated 
size specific threshold concentration for sublethal effects was exceeded by the highest 
10% of concentrations reported from environmental samples, suggesting that there may 
be a possible risk of some sublethal effects in a small proportion of sites. However, there 
are a number of caveats on this result regarding sublethal effects, in particular the 
confidence in the size specific lethal threshold was lower in the size range where 
exceedance occurred. 
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1 Introduction 
1.1 Background 
Plastics are synthetic polymers which can be made into a vast range of inexpensive, light-
weight and durable products that bring numerous societal benefits by providing important 
components for a multitude of applications in modern life. Since the 1950s, the plastics 
industry has grown exponentially to a global usage of 348 million tonnes annum-1 in 2017 
(PlasticsEurope 2018). A great variety of polymers and products are encompassed within 
the term “plastics”, some of which will have a long service life, whereas others (around 
40% of all the plastic produced) are used for packaging, which is predominantly single use.  
It has been discovered that microscopic particles of plastic, microplastics, have been 
released into the environment (Thompson et al. 2004). Here we use the European 
Chemical Agency working definition of microplastic as “any polymer, or polymer-
containing, solid or semi-solid particle having a maximum size of 5 mm or less in any 
dimension” (ECHA 2018). Additionally, the definition includes both those microplastics that 
have been intentionally created (i.e. primary microplastic), and those that are derived from 
degradation of larger plastic particles (i.e. secondary microplastic). It is estimated that 12 
billion tonnes of microplastic will be discarded globally by 2050 (Geyer et al. 2017), with 
additional particles derived through degradation of larger material, resulting in impacts on 
biota predicted to cost in excess of $13 billion annum -1 (Nizzetto et al. 2016). Microplastics 
are now ubiquitous and microplastic particles have been reported from throughout the 
aquatic environment, from surface freshwaters (Hurley et al. 2018) to the deepest and 
most remote regions of the sea (Ivar do Sul and Costa 2014).  
As microplastics are likely to originate from a variety of sources they comprise a variety of 
different polymer types, including polyethylene (PE), polypropylene (PP), acrylic, 
polyacrylamide (PAM), polyamide (PA), polyester (PES), polytetrafluoroethylene (PTFE), 
and polystyrene (PS) amongst others. Yet such microplastics are not naturally occurring. 
Hence, there is a need to understand how microplastics interact with the biota of 
freshwaters and estuaries, in order to identify any potential impacts on aquatic organisms 
and ecosystems. To fully comprehend the risk that microplastics present to freshwater and 
estuarine environments, it is important to understand what biological impacts manifest, as 
a consequence of which type of microplastics and at what concentrations. Furthermore, 
we need to understand if the impacts are a consequence of the microplastic particles 
themselves or chemicals/microbes associated with the microplastic particles. It is also 
necessary to establish if any impacts are apparent at the population level.  
Within the above wider context, this third evidence review (ER3) is one of three reviews 
that aim to provide a robust review of the evidence base for informing policy development. 
This evidence is needed to inform decision making to effectively manage any potential 
risks stemming from microplastics. 
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1.2 Objectives 
The overarching aim of this evidence review, commissioned by Defra, was to improve our 
understanding of the impact(s) of microplastics on freshwater and estuarine biota. The 
evidence available was assessed using the systematic review procedure. 
The objectives were to: 
1) undertake a Rapid Evidence Assessment for each of the primary research 
questions,  
2) produce a database of evidence. 
The objectives of the evidence review were delineated through the following Primary and 
Secondary questions.  
Primary question:  
What is/are the impact(s) of microplastics on freshwater and estuarine biota?  
Secondary questions:  
a) To what extent do microplastics influence the feeding, growth, reproduction and survival 
of freshwater and estuarine biota? Do we know trigger levels or threshold values for 
microplastic impacts on biota? 
b) Are any differences between different taxonomic groups observed?  
c) Are results from laboratory studies relevant to microplastics at environmentally relevant 
field concentrations? 
d) Are any adverse impacts attributable to the particles or to adsorbed chemicals/microbes 
on the particles?  
e) Is there evidence to suggest impacts on populations of aquatic organisms? 
2 Methodology 
2.1 Review methodology applied 
This evidence review is a Rapid Evidence Assessment (REA) which aims “to provide an 
informed conclusion on the volume and characteristics of an evidence base together with a 
synthesis of what that evidence indicates following a critical appraisal of that evidence” 
(Collins et al., 2015). The review followed the methodology outlined in Collins et al. (2015). 
The primary and secondary questions considered (see Section 1), the Population, 
Intervention, Comparator and Outcome (PICO) elements (Table 2.1) and search terms to 
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be used were detailed in a protocol document, which was used to guide the review 
process. The REA work encompassed two components: a literature review and interviews 
with academic experts.  Details of the approach used for the two REA components are 
provided in the Sections below.  
Table 2.1 REA PICO elements.  
PICO element PICO element for this REA 
Population Microplastics  
Intervention Identification of the types and concentrations of microplastics that 
cause impacts on the biota found in freshwater and estuarine 
environments and the nature of those impacts 
Comparator Identification of a lack of impacts of microplastics on the biota found in 
freshwater and estuarine environments 
Outcome Robust evidence base on the types and concentrations of 
microplastics that cause impacts on the biota found in freshwater and 
estuarine environments and the nature of those impacts 
2.2 Literature Review  
The quality of the literature, including grey literature, which reported investigations into the 
impacts of microplastics on the biota found in freshwater and estuarine environments was 
systematically reviewed and assessed, noting in particular those that identified any 
thresholds in impacts. 
2.2.1 Capturing the evidence base 
The first step in the evidence reviews on analysis, prevalence & impact of microplastics in 
freshwater and estuarine environments was to assess the overall evidence base detailing 
research on microplastics in freshwaters and estuarine (transitional) waters. A wide search 
using population search terms (Table 2.2) was used at this stage to capture as much of 
the evidence as possible, with the results of these searches saved and interrogated further 
to answer each of the three more detailed key questions and their sub-questions from the 
three evidence reviews on microplastics in freshwaters and estuaries (the third of which is 
relevant here), thus reducing the effort required to establish the evidence base for each 
evidence review. 
Publications released prior to April 2019 were included in this review. As microplastics 
have only been studied relatively recently (Thompson et al. 2004), no earliest date was 
used to define the date range of publications included. An exception on the date range 
was made to include two works of high relevance to the UK that were released after April 
2019, namely Ball et al. 2019 (Sink to River - River to Tap. A review of potential risks from 
nanoparticles and microplastics. UK Water Industry Research Limited Report No. 
EQ01A231) and Santillo et al. 2019 (Plastic pollution in UK’s rivers: a ‘snapshot’ survey of 
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macro- and micro-plastic contamination in surface waters of 13 river systems across 
England, Wales, Scotland and Northern Ireland. Greenpeace Research Laboratories 
Technical Report 04-2019).  
Table 2.2 Population level search terms used with Boolean operators to identify the 
population of evidence available on microplastics in freshwaters and estuaries. 
Population 
plastic* freshwater* wetland potable 
micro* river* marsh reservoir 
microplastic stream* swamp aquifer 
nanoplastic brook wastewater* groundwater 
*plastic lake* drinking water sewage 
 pool aquatic outfall 
 pond ecosystem* estuar* 
   transitional 
The databases used for the searches, which encompassed both published and grey 
literature, included: 
BioOne, COPAC, DART-Europe E-theses Portal, EBSCO Open dissertations, EThOS: 
Electronic Theses Online Service, European Commission Research Publications, 
European Sources Online, GoogleScholar, MedLine, JStor, SciFinder, Open Access 
Theses and Dissertations, OpenGrey, PubMed, PLoS, Scopus, SciFinder, Web of 
Science. 
To capture grey literature, additional to that included in the list of databases to be 
searched (i.e. databases detailing unpublished theses and reports) undertook directed 
searches of holdings of relevant environmental regulators (e.g. Rijkswaterstaat (Dutch 
water authorities): http://www.rws.nl, Vlaamse Milieumaatschappij (Flemish Environmental 
Agency): http://www.vmm.be Bundesanstalt für Gewässerkunde (German Federal Institute 
of Hydrology): http://www.bafg.de RIVM (Dutch Environment Agency): http://www.rivm.nl) 
The results of all searches were a) downloaded and saved in a searchable database for 
use in further searches and b) used to map the evidence record. 
The overall evidence base on microplastics in freshwaters captured 3456 unique sources. 
The search engines Scopas, Scifinder and Web of Science produced the most hits. Some 
of the terms used produced a large number of hits, e.g. the combination micro AND 
plastic, but a brief inspection revealed that a large proportion of these sources were not 
relevant, so these terms were only used further in combination with other qualifying terms. 
Of the retained searches, microplastic produced the most hits (total across all engines 
11,636).  
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To capture the evidence base to address the primary and secondary questions of this 
evidence review, the overall evidence base on microplastics in freshwaters and estuaries 
captured in the first phase was searched further using search terms specific to the 
questions of this evidence review (Table 2.3). 
The results of all searches were saved for further use and used to map the evidence 
record. Those evidence sources that were identified by searches for evidence review 1 
(ER1) or evidence review 2 (ER2) and scored as potentially relevant to ER3 during the 
screening process were transferred to an MS Excel spreadsheet formatted with columns 
corresponding to information fields relevant to the key question and sub-questions being 
addressed (See Appendix A ER3_Capture.xls) for consideration in this review. The 
information fields of the evidence capture form included information relevant to  
1. The evidence 
2. The biota studied, 
3. The type of study and design 
4. The microplastics considered and any other potential stressors 
5. Toxicological endpoints considered, 
6. Threshold values, 
7. The location of the study 
Those evidence sources that were not identified by searches as potentially relevant to ER1 
or ER2 were transferred to the evidence capture form, but subject to screening before 
being included in the evidence review. The evidence base potentially relevant to ER3 
identified through the searches was divided among the members of the ER3 review team 
in such a way that 10% of records were allocated twice (for quality assurance purposes). 
The reviewers screened the evidence and completed the evidence capture form.  
The evidence capture form comprised two steps. The first initial screen of evidence 
sources not considered for ER1 or ER2 was used to:  
a) Identify reviews, which were used for further identification of evidence sources, 
but not included in data capture per se, unless some novel data was presented. 
b) Remove evidence sources specific to marine waters and not relevant to 
freshwaters or estuarine (transitional) waters. 
c) Identify evidence sources that were likely to be relevant to ER1 (sampling and 
analytical methodology) and/or ER2 (sources and fate).  
d) Identify evidence sources that were likely to be relevant to ER3. 
Of the 2,172 evidence sources identified as potentially relevant, the initial screening 
identified 423 as likely to be relevant to the question of ER3 (Fig. 1). 
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Table 2.3 Search terms used to identify the evidence available on the impact of 
microplastics on the biota found in freshwaters and estuaries. 
Population Intervention Comparator Outcome 
*invertebrate contamina* Lack of impact on 
biota 
reproduct* 
fish* uptake growth 
bird* sorption  feeding* 
crustace* toxic*  surviv* 
population ecotoxic*  death 
threshold consump*  population 
bivalve filter*  threshold 
worm detritiv*  trigger 
diptera* diet*   
biot* foodweb   
plankton* food web   
*plankton    
*plankton*    
microb*    
*fibre    
*fiber    
*bead     
fragment*    
pellet*    
flake*    
nurdle    
dust    
Those evidence sources that passed the initial screen were searched in detail to capture 
the evidence relevant to the question and sub-questions, and any relevant information 
recorded under the appropriate fields on the evidence capture form (Appendix A: 
ER3_Capture.xls). In particular, numerical information was captured where effects were 
quantified in the literature (e.g. proportions of microplastics from different sources). These 
evidence sources were supplemented with sources identified as relevant to the questions 
of this review through the searches undertaken in ER1 and ER2. 
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Fig 1. Map of evidence identified as relevant to ER3 during initial screening. 
Of the sources likely to contain evidence relevant to freshwaters and estuaries, 105 unique 
sources were used to extract evidence (Fig. 1). Of these, 80 unique sources contained 
evidence relevant to biota found in freshwaters, and 27 unique evidence sources were 
used where the evidence was relevant to biota found in estuaries. Four sources contained 
evidence that was relevant to both habitats. 
All the evidence was transferred from the evidence capture form into a searchable MS 
Access relational database, which was spatially referenced where appropriate (i.e. linked 
to a GIS data layer illustrating the field locations where evidence was obtained from). This 
database linked literature sources to the key questions and was used to produce 
extractable summaries of the evidence base underlying each of the key questions and sub 
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questions. After evidence capture, the total evidence base was compiled and quantified, 
and meta-analyses undertaken where appropriate (see Section 4). 
In terms of volume of evidence, there has been an exponential increase in the number of 
publications relevant to the impact of microplastics on freshwater and estuarine biota in 
recent years (Fig 2). However, the growth in relevant evidence occurred at a slightly later 
date than for the evidence relevant to ER1 and ER2, appearing to accelerate from 2015 
onwards. Furthermore, the increase in relevant publications has been driven by those 
relevant to freshwater biota, with a relatively small proportion of studies considering 
impacts on estuarine biota. 
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Fig 2. Number of evidence sources per year. 
2.2.2 Reliability scores 
Additional information on the reliability of the evidence provided by the source was 
captured using a separate spreadsheet, based on the CRED (Criteria for reporting and 
evaluating ecotoxicity data) method outlined by Moermond et al. (2016). The quality 
assessment was made up of fifteen criteria covering (a) General information, (b) Test 
compound used, (c) Test organism used and exposure condition, and (d) Statistical design 
and biological response (Table 2.4). For each criterion, a score of 0, 1, or 2 was assigned 
to the evidence source under review. Scores signified the following: 2 = reliable without 
restrictions, 1 = somewhat reliable but with restrictions, 0 = not reliable. If information was 
lacking on certain aspects in the evidence source, it was considered as unreliable, leading 
to a lower score. For each evidence source the Total Accumulated Score was calculated 
by adding scores for individual criteria (maximum 30 points). For the data provided by an 
evidence source to be considered sufficiently reliable, it should preferably have no ‘zero’ 
values for any of the individual scores. To assess the overall reliability of the evidence 
sources the number of zeros was calculated for each. Furthermore, the product of the 
scores in all relevant criteria was calculated, following the methods of Hermsen et al. 
(2018), to give a potential maximum Reliability Product Score of 32,768, but if any one 
criterion was evaluated as “not reliable” (0 points) the overall Reliability Product Score for 
the study was 0. 
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Table 2.4 Criteria used to assess reliability of evidence sources.  
1. Validity criteria Are valid controls used that do not compromise results through use of 
stressful or variable conditions? If applicable, are validity criteria fulfilled 
(e.g. control survival, growth)? Are control survival and/or other 
parameters within the range of what is normal for the species such that 
other confounding (stress) factors can be ruled out? 
2. Adequate controls Are controls adequate and sufficient to attribute any effects to the test 
substance (e.g. solvent control, negative and positive control)? 
3. Identity of test 
substance 
Is the test substance identified clearly with characteristics described? Are 
test results reported for the appropriate substance? 
4. Source of test 
substance 
Is the source of the test substance reported and is it trustworthy?   
5. Identity of test 
organisms 
Are the organisms well described (e.g. scientific name, weight, length, 
growth, age/life stage, strain/clone, gender if appropriate)? 
6. Source of test 
organisms 
Are the test organisms from a trustworthy source and acclimatized to test 
conditions? The place of origin should be described for field-collected 
organisms. Have the organisms not been pre-exposed to test compound 
or other unintended stressors? 
7. Appropriate for 
test substance 
Is the experimental system appropriate for the test substance, taking into 
account its physico-chemical characteristics? Avoidance of plastic in set-
up etc. and minimising possibility of microplastic contamination. 
8. Appropriate for 
test organism 
Is the experimental system appropriate for the test organism (e.g., choice 
of medium or test water, feeding, water characteristics, temperature, 
light/dark conditions, pH, oxygen content)? Have conditions been stable 
during the test? 
9. Gradient of 
exposure 
Is the exposure gradient appropriately scaled from control to high 
exposure with ≥ 3 treatment levels + control? Is a correct spacing 
between exposure concentrations applied? A scaling factor of 3.2 (=√10) 
is often recommended. As a rule of thumb, a maximum scaling factor of 
10 should be applied. 
10. Exposure 
duration 
Is the duration of exposure clearly stated? 
11. Verification of 
exposure  
Are analyses adequate to verify concentrations of the test substance over 
the duration of the study? It is important to know the actual exposure 
concentrations, and it should be clear if the reported concentrations are 
initial or final concentrations, whether they are mean or geometric mean 
concentrations, and which of these concentrations are used to calculate 
the effect concentrations. For microplastics, nominal concentrations 
without measurements can be acceptable, only if robust efforts to 
minimise contamination are in place. 
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12. Biomass loading Is the density of test organisms in experimental units acceptable (no 
indication of stress in controls)? Is the biomass loading of the organisms 
in the test system within the appropriate range (e.g. < 1 g of fish/L)? 
13. Adequate 
replication 
Is a sufficient number of replicates used? Is a sufficient number of 
organisms per replicate used for all controls and test concentrations? 
14. Appropriate 
statistical methods 
Is a detailed description of statistics used given with confirmation that 
they are fit-for-purpose? 
15. Raw data 
available 
Are sufficient data available to check the calculation of endpoints (e.g. 
mortality, growth, reproduction, feeding rate, behaviour) and (if 
applicable) validity criteria (e.g., control data, concentration-response 
curves)? By “raw data” we mean the data needed to assess the statistics 
and variability in the controls, recalculate the reported endpoints, and 
calculate alternative endpoints. 
2.3 Interviews  
Interviews with academics working in the field of microplastics were conducted to get their 
expert opinion on the primary and secondary questions. Four academic experts were 
consulted: 
Prof Amanda Callaghan, University of Reading, UK 
Prof Isabelle Durance, University of Cardiff, UK 
Dr Ika Paul-Pont, CNRS, Brest, France 
Dr Katrin Wendt-Potthoff, Helmholtz Centre for Environmental Research GmbH –UFZ, 
Leipzig, Germany 
Interviews (lasting 30-45 minutes) were held via phone with all the academics above. 
During the telephone interviews, the academics were requested to: provide their expert 
view on each of the primary and secondary questions; comment on key published 
literature relating to the questions; and provide information on ongoing or unpublished 
work relating to this evidence review, if applicable. The interviewee responses were 
recorded as notes during the interviews. The key messages/highlights derived from the 
interviews are outlined in Section 3. 
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3 Key messages from interviews with 
academic experts 
Primary question:  
What is/are the impact(s) of microplastics on freshwater and estuarine biota?  
All four academic experts interviewed were in agreement that effects of microplastics on 
biota have been demonstrated through laboratory experiments, but that there is no robust 
evidence that such effects manifest in the environment. The academic experts interviewed 
expressed concerns that the experiments undertaken to date have used particle types, 
sizes and concentrations that do not reflect those reported by studies of microplastics in 
the environment. It was noted that some effects of microplastics may be temporary, for 
example Daphnia will depurate rapidly if left to recover. The influence of bias in publication 
was commented on by the experts interviewed, and in particular how this may influence 
perceptions of impacts. 
Secondary questions:  
a) To what extent do microplastics influence the feeding, growth, reproduction and survival 
of freshwater biota? Do we know trigger levels or threshold values for microplastic impacts 
on biota? 
All the experts interviewed were of the opinion that there was insufficient evidence to draw 
any robust conclusions regarding thresholds. In the opinion of the experts, there has been 
a focus on short-term immediate effects, with less evidence on effects that take longer to 
manifest, such as reproduction. The experts noted that laboratory experiments have been 
undertaken at very high concentrations such that thresholds identified to date may be 
irrelevant to field conditions. 
b) Are any differences between different taxonomic groups observed?  
The four academic experts interviewed commented that laboratory tests have focussed on 
a few species, and there are gaps in the taxonomic coverage of the current knowledge. As 
such, it was the opinion of the academic experts that it is difficult to draw general 
conclusions. It was noted by the academic experts that feeding strategy affected exposure 
to microplastics and, therefore, likely to influence which taxa were affected. 
c) Are results from laboratory studies relevant to microplastics at environmentally relevant 
field concentrations? 
All four academic experts interviewed were of the opinion that the size and types (density, 
polymer, morphology) of microplastics used in experimental tests, together with the 
concentrations used, do not reflect those described by field studies. It was also noted that 
comparison with natural particles was lacking, so it is not possible to determine if any 
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effects are due to the plastics or the particles. The academic experts also noted that the 
presence of alternative food sources influences the uptake of microplastics: more realistic 
experiments are necessary. Furthermore, the need to determine risk, based on both 
exposure and hazard, was highlighted by the academic experts interviewed. 
d) Are any adverse impacts attributable to the particles or to adsorbed chemicals/microbes 
on the particles?  
All the interviewees said that there were potential concerns about adsorbed 
chemicals/additives. Such effects may be specific to the chemical in question. Most 
experiments have used virgin particles, so there is still insufficient evidence to determine 
how much of any impact may be due to adsorbed chemicals/additives. The experts felt 
that more work is needed to draw robust conclusions. 
e) Is there evidence to suggest impacts on populations of aquatic organisms? 
The four academic experts interviewed were in agreement that there was insufficient 
evidence to conclude that there are impacts on populations of aquatic organisms. 
4 Literature Review 
The outcomes of the literature review undertaken are outlined below, the structure being 
based on the primary and secondary questions. At the end of each question, a summary of 
the evidence is provided in a text box for clarity. This literature review is based on the 105 
unique sources that were used to extract evidence (Fig. 1). The findings presented are 
summaries of the evidence available and, therefore, are influenced by the reliability of the 
primary literature, including grey literature, on which this report is based.  
4.1 Reliability 
Cumulative reliability scores ranged from 5 to 28 out of a possible 30 (Fig. 3), with a 
median total score of 20, indicating that half of the studies achieved two thirds or less of 
the available points. The number of reliability categories that scored zero ranged from 10 
to 0 per study out of a possible 15 (Fig. 3). A zero score in any criterion indicated it was 
evaluated as “not reliable”: the median was 3 zeros per study, which indicates that half of 
the studies were based on methods that were unreliable in one fifth or more of the aspects 
considered. Using the product of the scores in all categories, which unambiguously 
identifies those studies that were reliable across all criteria, only 6 studies did not score 0. 
Overall, the majority of studies regarding the impacts of microplastics on the biota of 
freshwaters and estuaries were based on methods that were in some aspects not reliable. 
Reliability scores of studies appeared to decline over time, both in terms of cumulative 
scores and the number of zeros (Fig 4): whilst the highest scores achieved in each year 
remained more or less constant, the lowest scores declined with time, suggesting that less 
reliable studies were being published as the field developed.  
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Fig 3. Box plots of reliability scores of studies investigating impacts of microplastics on 
estuarine and freshwater environments. Box indicates 25th and 75th percentiles, whiskers 
minimum and maximum, and line median size of particles (n = 103). 
Fig 4. Change in reliability scores of studies investigating impacts of microplastics on 
estuarine and freshwater environments over time. 
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In many instances the statistical anlyses undertaken were not sufficiently robust to draw 
the conclusions that were derived. Of particular note were studies where a lack of a 
consistent dose response was ignored in preference for highlighting effects at specific 
individual dose levels. Similarly, studies often presented a number of different measured 
endpoints (e.g. expression of multiple genes) from the same experiment, yet did not 
correct for additive errors, increasing the likelihood of detecing a significant effect in one of 
the response variables. 
It was also apparent that in many instances (particularly with molecular and biochemical 
biomarkers) the authors of studies did not establish any hypotheses a priori, in terms of the 
mechanistic connection with the endpoint measured and the expected directional change 
as a consequence of damage. Thus, interpretation of change in the endpoint measured 
could not be linked robustly to a negative effect of microplastics. 
Another important issue that was rarely addressed, was that in order to attribute the effects 
observed in the tests undertaken to microplastics it is of fundamental importance that 
adequate controls are used. With few notable exceptions, natural inert particles were not 
used as a control (ideally in a dose response manner). Such a control is critical in order to 
determine if any effects were attributable to the microplastic per se, or simply an effect 
caused by particles of no nutritional value.  
Furthermore, the tests undertaken to date used organisms that had been starved before 
use (as is standard prectice), and were typically presented with microplastics alone with no 
other food source. In the instances where natural food sources were made available (e.g. 
(Carlos et al. 2015, Aljaibachi and Callaghan 2018), there were indications that the biota 
selected those, rather than the microplastics. Hence, typical test conditions maximised the 
likelihood that microplastics were consumed: under field conditions, where alternative food 
sources may be available, such uptake and consequent effects may not be realised. 
 
 
The majority of studies on the impact of microplastics on freshwater and estuarine biota 
were unreliable in several aspects.  
Published studies have become less reliable over time. 
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4.2 Secondary question: To what extent do 
microplastics influence the feeding, growth, 
reproduction and survival of freshwater and estuarine 
biota? Do we know trigger levels or threshold values for 
microplastic impacts on biota? 
To assess the extent of influence that microplastics have on freshwater and estuarine 
biota, the threshold values reported from dose-response experiments were compiled and 
grouped according to ecotoxicological endpoints, namely effects on behaviour, feeding, 
growth, reproduction and survival, as well as the additional endpoints of metabolism and 
other (largely gene expression), which in many cases were less strongly linked to negative 
biological consequences. The most frequently tested endpoints were those associated 
with metabolism (Fig 5), where it was common for a single evidence source to report tests 
assessed using multiple different metabolic endpoints. Similarly, evidence sources that 
used genetic endpoints each tended to report expression of multiple genes in response to 
exposure to microplastics.  
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Fig 5. Number of endpoints tested. 
By far the largest number of tests were conducted where the test organism were exposed 
to microplastics suspended in water, rather than introduced into the sediment or food (Fig 
6). In one study, the microplastics were introduced directly into the tissues of the test 
organism by injection.  
Across all endpoints the majority of experimental responses that were reported were 
characterised as “no consistent dose response relationship”. Only in tests using 
behavioural endpoints were negative responses (a downward trend in the characteristic 
measured) more frequent. Positive responses (an upward trend in the characteristic 
measured) were seen across all endpoints measured. 
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Fig 6. Matrix used to introduce microplastics to test organisms. 
The evidence sources reported the dose of microplastics used in various units (Fig 7). As 
a consequence of most studies exposing test organisms to microplastics in water, the two 
most commonly used units were mass per unit volume and particles per unit volume. The 
variation in units used to quantify the dose of microplastics used in the ecotoxicological 
tests makes comparison among the different evidence sources more difficult. Furthermore, 
quantification of the exposure dose in terms of mass per unit volume (or mass), as is 
typical for most environmental contaminants, is not appropriate for microplastics. 
Microplastics occur as particles of various sizes and, therefore, vary in mass per particle. 
Thus, for a given mass, the number of particles that organisms are exposed to will vary 
dependent on their size. From ER1 it was apparent also that the concentration of particles 
found in the environment was related to their size, indicating that environmental exposure 
concentrations are size dependent. Hence, to enable comparison amongst studies, 
thresholds expressed as mass of plastic were converted to count of particles. This was 
possible for studies that had used beads and gave the polymer used and dimensions, by 
assuming that particles were spherical and calculating the mass of individual particles 
using the formula  
Mass =  4  π r3 ρ 
   3 
where r is the mean radius of the particles used and ρ is the density of the polymer. In 
those cases where the density of the polymer used was not given, a standard density for 
that polymer was used. For other particle morphologies it was not possible to calculate the 
mass of individual particles as the dimensions were not given in sufficient detail. 
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Fig 7. Units used to describe test exposure dose of microplastics. 
Where thresholds were identified, the type of threshold values reported varied among the 
different evidence sources, with some reporting EC50 values (statistically derived dose at 
which 50% of the test organisms will be expected to respond), some reporting predicted no 
effect concentrations (PNEC: modelled concentration below which no adverse effects of 
exposure would be expected), and some reporting Lowest Observed Adverse Effect Level 
(LOAEL: lowest exposure level at which there are significant increases in adverse effects). 
As it is not possible to convert between threshold types, all threshold types were 
considered.  
The initial objective of this review was to use the evidence compiled to undertake a 
species sensitivity distribution (SSD) analysis for each endpoint, as this is a standard 
model approach for establishing the variability in the sensitivity of multiple species to a 
single toxicant or stressor (Posthuma et al. 2002). The SSD approach can be used to 
establish a threshold concentration where the toxicant presents a hazard to a limited 
number of taxa (with the threshold typically set at a concentration that protects 90% or 
95% of taxa). However, it soon became obvious that such an approach, although possible, 
was not appropriate for microplastics. As environmental exposure concentrations of 
microplastics are size dependent (following a Log-Log relationship: see ER1), a single 
threshold concentration is unlikely to be relevant to all particle sizes. Hence, using the 
evidence compiled from tests conducted on microplastics in water, the relationship 
between the mean size of particles used in the tests and reported threshold concentrations 
was established for the impact on feeding, behaviour, growth, reproduction and survival 
(irrespective of test organism and polymer used) using least squares regression on Log10 
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transformed data (Fig 8)1. Such relationships were not derived for endpoints of metabolism 
or other (mainly gene expression) because, in most cases, the link between the measured 
characteristic and a negative biological consequence was not clearly defined. To ensure 
that the relationships derived were based on valid data, the reliability scores obtained by 
the studies used were assessed. All studies achieved reliability scores equal or better than 
the median (see section 4.1), a total accumulated score of 20 or more (out of a possible 
30) and 3 zeros or less (out of a possible 15), with the exception of four studies (three 
scored 19 total accumulated score and one had 4 zeros). These four studies were not 
used to establish relationships between threshold concentrations and particle size. 
There were insufficient data to establish the relationship between the mean size of 
particles used in the tests and reported threshold concentrations for microplastics in 
sediment. 
For the toxicological endpoints behaviour, feeding, growth, reproduction and survival there 
was a clear relationship between the size of the particles used in the test and the threshold 
at which an effect was seen (Table 4.1), such that a higher concentration of smaller 
particles was required to cause an effect (Fig 8). Of the five endpoints, reproduction had 
the lowest number of threshold values on which to base the relationship with the size of 
particles (Fig 8d). However, the relationship between the size of particles and threshold 
concentrations was significant for all endpoints (Table 4.1).  
The relationships between the size of particles used in tests and threshold effect 
concentrations amongst the five endpoints did not follow the pattern that might be 
expected assuming that the concentration necessary to illicit a response in an endpoint is 
positively related to the severity of the endpoint. Behaviour had the highest intercept and 
reproduction the lowest (Table 4.1). 
Whilst the above analysis indicates that the size of microplastic particles influences the 
concentration at which effects manifest, the relationships were determined using least 
squares regression and, thus, reflect a position of central tendency. In order to establish a 
threshold concentration where microplastics present a hazard to a limited number of taxa, 
quantile regression2 (based on the 10th percentile) was used to determine the size-specific 
concentration of microplastics that was lower than 90% of the thresholds identified for 
survival and, as a more conservative limit, across all the endpoints tested including 
sublethal effects (Fig 9). Using survival as an endpoint, this approach is an approximation 
to a species sensitivity distribution (SSD) whilst accounting for the effect of particle size. 
                                              
1 Least squares regression provides a line of best fit based on the conditional mean response by minimizing 
the sum of squared residuals (a residual being: the difference between an observed value, and the fitted 
mean value provided by the model). In this case the data used were Log10 of the actual values. 
2 Quantile regression provides a line of best fit through the conditional median or a specified percentile (in 
this case the 10 percentile, where 90% of observations are greater than this value) based on the distribution 
of the data, and uses a different mathematical approach to derive a solution based on minimizing the sum of 
absolute residuals. 
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Fig 8. Relationship between the size of microplastic particles tested and reported 
toxicological thresholds investigating impacts on behaviour, feeding, growth, reproduction 
and survival of freshwater and estuarine biota. Filled symbols indicate studies which failed 
to achieve median reliability scores. Nanoparticles ≤0.1 μm. 
 
Table 4.1 Parameter estimates (slope and intercept of line of best fit) and statistical results 
(F statistic, p value and R2) from least squares regression for relationships between the 
particle size and threshold concentrations for different toxicological endpoints.  
 Slope Intercept F p R2 
Behaviour -2.493 13.98 39.45 ≤ 0.0001 0.733 
Feeding -3.389 12.60 101.67    0.0002 0.944 
Growth -2.542 12.57 190.70 ≤ 0.0001 0.918 
Reproduction -2.678 12.24 51.68    0.019 0.944 
Survival -2.640 13.68 126.05 ≤ 0.0001 0.880 
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Fig 9. Size of microplastic particles tested and reported toxicological thresholds showing 
10%ile relationship fitted by quantile regression to all endpoints (red line) and survival 
(dashed line). Nanoparticles ≤0.1 μm. 
 
 
 
4.3 Secondary question: Are any differences between 
different taxonomic groups observed?  
Details of all test organisms used were compiled. Whilst a range of taxonomic groups were 
used including microbes, plants, invertebrates and vertebrates, the most frequently used 
test organisms were fish and Crustacea (Fig 10). The taxa used were not evenly 
distributed across the different toxicological endpoints, and there was an uneven 
distribution of taxonomic groups across the thresholds identified for effects of 
microplastics. Hence, there were only sufficient data to test the influence of taxonomic 
Under experimental conditions, at high concentrations microplastics can have a 
negative impact on the feeding, behaviour, growth, reproduction and survival of 
freshwater and estuarine biota. For all endpoints, there was sufficient evidence to 
conclude that the concentration required to cause such impacts is related to the size of 
the particles of microplastic.  
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group used on size-specific thresholds for Crustacea, fish and algae. Here, an analysis of 
covariance (ANCOVA)3 was undertaken using general linear models to determine if either 
the taxonomic group of the test organism used (Crustacea, fish and algae), or the endpoint 
measured, had a significant influence on the relationship between the mean particle used 
in the test and the threshold concentration for an effect (Fig 11). There was no significant 
effect of either the endpoint measured or the taxonomic group used in the test (Table 4.2). 
Nevertheless, there was evidence to indicate that taxa are selective in their uptake of 
microplastics from the environment (e.g. Au 2017, Straub et al. 2017), with some 
organisms apparently only consuming microplastic particles within certain size ranges. 
Such size selectivity may influence the susceptibility of biota to the impact of microplastics 
if negative effects manifest through consumption of particles: biota would not be sensitive 
to impacts from particles of sizes that are avoided. The analysis undertaken here would 
not detect such a phenomenon, as data were only included if a threshold was detected.  
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Fig 10. Test organism used to determine effects of microplastics on biota. 
Table 4.2. Results of ANCOVA testing the influence of endpoint measured or taxonomic 
group of test organism (Crustacea, fish, algae) on the relationship between particle size and 
threshold effect concentration. 
 F value p 
Particle Size 569.85 ≤ 0.0001 
Particle Size * Endpoint 0.30    0.8778 
Particle Size * TaxaGp 1.71    0.2109 
                                              
3 ANCOVA uses a least squares approach to evaluate if the mean response differs across levels of a 
categorical independent variable, while statistically controlling for the effects of another continuous variable.  
    26 
 
1
10
100
1000
10000
100000
1000000
10000000
100000000
1000000000
10000000000
100000000000
1000000000000
10000000000000
100000000000000
1000000000000000
10000000000000000
100000000000000000
1000000000000000000
10000000000000000000
100000000000000000000
0.01 0.1 1 10 100 1000
Crustacea
Fish
Algae
Plants
Molluscs
Nematodes
Insects
Hyphomycetes
Mean particle size (m)
T
h
re
s
h
o
ld
 c
o
n
c
e
n
tr
a
ti
o
n
(p
a
rt
ic
le
s
 m
-3

 
Fig 11. Effect of taxonomic group on relationships between particle size and effect 
threshold concentration. Relationships shown for Crustacea, fish and algae, and all taxa 
(dashed black line). Nanoparticles ≤0.1 μm. 
 
 
 
4.4 Secondary question: Are results from laboratory 
studies relevant to microplastics at environmentally 
relevant field concentrations? 
Most studies used primary microplastics (Fig 12) of bead morphology (Fig 13) and 
comprised of a limited range of polymers, with the majority of studies using either 
polystyrene or polyethylene (Fig. 14). Even where secondary microplastics were used, 
they were typically derived from new (virgin) materials. From ER2 it was apparent that 
most microplastics found in environmental samples from freshwaters and estuaries were 
likely to be of secondary origin and, as such, the types of microplastics used in 
ecotoxicological tests do not reflect the types of microplastics that are found in the 
environment well.  
There is evidence from ecotoxicological tests to indicate that taxonomic groups do not 
differ in their sensitivity to microplastics. 
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Fig 12. Source of microplastics used in ecotoxicological studies. 
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Fig 13. Morphology of microplastics used in ecotoxicological studies. 
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Fig 14. Polymers used in ecotoxicological studies. 
The range of sizes of plastic particles used in the ecotoxicological studies included both 
micro- and nanoplastic particles (Fig 15a). The median size used across all laboratory 
studies was 10 μm, with 75% of studies using particles that were smaller than 82.5 μm, 
and 25% of studies used particles that were < 2 μm. These size ranges do not compare 
well with the size ranges of particles which have been quantified in the environment, where 
the methods used to date have been limited to describing concentrations of larger 
particles. Using data from ER1, the median smallest particle size quantified by studies of 
microplastics in estuaries and freshwaters were 200 and 100 μm respectively (Fig 15b), an 
order of magnitude larger than that used in toxicity tests. Only 25% of studies of 
microplastics in estuaries and freshwaters considered particles that were less than 50 μm. 
It was apparent that the majority of laboratory based ecotoxicological studies have been 
undertaken using plastic particles of sizes that do not reflect the sizes of the microplastic 
particles for which concentrations have been described from environmental samples 
collected in estuaries and freshwaters. This is most likely due to size constraints on the 
methodologies used to characterise microplastics from environmental samples (ER1). This 
mismatch adds uncertainty to our understanding of risk from microplastics. The majority of 
evidence describing toxicological thresholds is for smaller particles but we do not know the 
concentrations at which such particles are present in the environment and, 
correspondingly, we don’t know the toxicological thresholds for the larger particles for 
which we do know the concentrations present in the environment. 
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Fig 15. Box plots of size ranges of a) particles used in ecotoxicological studies (n = 125), 
and b) smallest particles considered in studies of microplastics in estuarine and freshwater 
environments (from ER1, n = 185). Nanoparticles ≤0.1 μm. Box indicates 25th and 75th 
percentiles, whiskers minimum and maximum, and line median size of particles.  
To assess if ecotoxicological studies have been undertaken at concentrations that are 
relevant to microplastics at environmentally relevant field concentrations, the size of the 
particles used has to be taken into consideration. The data describing the relationship 
between identified thresholds in toxicological endpoints and the size of particles used in 
experimental tests was compared with the data compiled in ER1 describing the size of the 
smallest particles considered and the concentration of microplastics observed in 
freshwaters and estuaries.  
It was apparent that the experimental tests that have been undertaken have used 
concentrations of microplastics that were far greater than the concentrations that have 
been reported from samples collected from freshwater and estuarine environments (Fig 
16). Taking into account the size of particles, the mean concentration at which the effects 
of microplastics were observed in experimental tests was approximately 6 to 8 orders of 
magnitude greater than the mean concentrations reported from field samples collected 
from freshwater and estuarine environments (calculated from difference in relationships: 
Table 4.3).  
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Table 4.3 Slope and intercept of relationships derived by least squares regression between 
size of particles and either threshold effect concentrations for all endpoints or 
environmental concentrations. [Lines shown in Fig. 16] 
 Slope Intercept 
Threshold effect concentrations from 
ecotoxicological tests 
-2.85 13.195 
Environmental concentrations -1.68   5.258 
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Fig 16. Relationship between the size of particles used in ecotoxicological experiments and 
threshold effect concentrations, together with the minimum particle size considered and 
mean concentrations of microplastics from samples of freshwater and estuarine 
environments. Nanoparticles ≤0.1 μm. Lines fitted by least squares regression through all 
endpoints and all environmental samples. 
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4.4 Secondary question: Are any adverse impacts 
attributable to the particles or to adsorbed 
chemicals/microbes on the particles? 
The majority of laboratory based ecotoxicological studies used primary (virgin) microplastic 
particles (Fig 12), such that any effects observed (as detailed in section 4.2) could only be 
attributable to the particles, and not to any adsorbed chemicals or microbes. Nevertheless, 
a substantial number of studies considered the interaction between chemicals and 
microplastics (Fig 17). No studies considered the impact of microbes attached onto 
microplastic particles. 
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Fig 17. Volume of evidence that considered the effect of chemicals. 
The majority of laboratory based toxicological studies have been undertaken using 
plastic particles that do not reflect the size and type of the microplastic particles that 
have been described from environmental samples collected in estuaries and 
freshwaters. This mismatch adds uncertainty to our understanding of risk from 
microplastics. 
Laboratory based toxicological studies have been undertaken using concentrations of 
microplastics that are many orders of magnitude greater than the concentrations that 
have been reported from samples collected from freshwater and estuarine 
environments. 
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The consideration of chemicals in experimental studies followed four designs, dependent 
on the questions being addressed: 
Chemical adsorbed onto (or combined within) microplastics before test exposure  
Chemical added to water during test exposure to microplastics  
Organism exposed to chemical before test exposure to microplastics  
Leachate derived from microplastics used in test exposure  
The chemicals considered included polyaromatic hydrocarbons, polychlorinated biphenyls, 
metals, insecticides, personal care products and medicines, as well as uncharacterised 
mixtures. Studies rarely used both microplastics and chemicals in an experimental design 
that enabled a dose response effect of both independently and in combination to be 
established. Furthermore, the environmental relevance of the concentrations of both the 
microplastics (see section 4.4) and chemicals used (including leachate from plastics) were 
rarely demonstrated. The effect of microplastics and chemicals in combination was not 
straightforward. The evidence sources reported both positive and negative effects, as well 
as no consistent dose response. Positive effects included a reduction in the negative effect 
of the chemical in the presence of microplastics (e.g. reduced toxicity of phenol: Sinche 
2010). Negative effects included microplastics acting as a vector for the chemical (e.g. 
uptake of nicotine from cigarette filter fibres: Wright et al. 2015). However, due to variety of 
designs used in studies, it was not possible to draw substantial conclusions with regards 
the interaction between microplastics and chemicals.  
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Fig 18. Effect of chemicals on responses recorded. 
As detailed in section 4.4, studies used a limited range of polymers, with the majority of 
studies using primary microplastics of either polystyrene or polyethylene (Fig. 12). 
Furthermore, the polymers used were not evenly distributed across the different 
toxicological endpoints. Nevertheless, as studies used particles of polyethylene (PE), 
polystyrene (PS) and polyamide (PA) of various sizes and without any chemicals added, 
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there were sufficient data to test the influence of the polymer used on size-specific 
thresholds. Analysis of covariance (ANCOVA)4 using general linear models was used to 
determine if either the polymer used in the test, or the endpoint measured, had a 
significant influence on the relationship between particle size and the threshold 
concentration for an effect (Fig 19). There was no significant effect of either the polymer 
used or the endpoint measured on the relationship between the size of particles and 
threshold concentrations (Table 4.4), suggesting that there is no difference among 
polymers in terms of their toxicity. The inclusion of data from further ecotoxicological tests 
using particles of various sizes comprised of a wider range of polymers would improve the 
confidence in this conclusion.  
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Fig 19. Effect of the polymer on the relationship between particle size and effect threshold 
concentration. Relationships shown for polyethylene (PE), polystyrene (PS), polyamide 
(PA), and all polymers (dashed black line): the range of sizes used for polypropylene (PP), 
polyhydroxybutyrate (PHB) and an unnamed proprietary polymer were insufficient to 
establish independent relationships. Nanoparticles ≤0.1 μm. 
 
 
 
                                              
4 ANCOVA uses a least squares approach to evaluate if the mean response differs across levels of a 
categorical independent variable, while statistically controlling for the effects of another continuous variable.  
Here, does the mean threshold concentration vary among the polymers used whilst taking into account the 
size of the particles. 
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Table 4.4. Results of ANCOVA testing the influence of polymer used or endpoint measured 
on the relationship between particle size and threshold effect concentration.  
 F value p 
Particle Size 807.84 ≤ 0.0001 
Particle Size* Endpoint 0.80    0.5360 
Particle Size* Polymer 0.91    0.4106 
Particle Size*Endpoint*Polymer 0.69    0.5085 
 
 
 
4.6 Secondary question: Is there evidence to suggest 
impacts on populations of aquatic organisms? 
No studies provided evidence to suggest that microplastics had an impact on populations 
of aquatic organisms. Most studies were solely based on laboratory experiments. Where 
field evidence was available, it either did not demonstrate that microplastics had a 
negative effect (e.g. Kazour et al. 2018) or did not discount other potentially confounding 
effects on populations sufficiently to ascribe any effect solely to microplastics (e.g. Hurley 
et al. 2017). To assess the potential impact of environmental pollutants in the receiving 
environment, three lines of empirical evidence (exposure, toxicity and damage) form the 
basis of any assessment (Long and Chapman 1985, Chapman 2007). Currently, there is 
insufficient evidence (particularly of damage in field populations associated with high 
concentrations of microplastics) to draw any conclusions regarding the impacts of 
microplastics on populations of freshwater or estuarine biota. 
The majority of laboratory based toxicological studies used primary (virgin) microplastic 
particles, such that any effects observed could only be attributable to the particles, and 
not to any adsorbed chemicals or microbes. No studies considered effects of microbes 
attached to particles. A number of studies considered the effect of chemicals adsorbed 
onto microplastic particles and reported positive, negative and no response. However, 
due to variety of designs used in studies, it was not possible to draw substantial 
conclusions regarding underlying mechanisms. 
There is evidence from ecotoxicological tests to indicate that microplastics comprised 
of different polymers do not differ in their toxicity. 
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4.7 Primary question: What is/are the impact(s) of 
microplastics on freshwater and estuarine biota?  
As detailed in section 4.2, it was apparent that experimental studies indicate that high 
concentrations of microplastics can affect feeding, behaviour, growth and survival of 
freshwater and estuarine biota in a size specific manner. It is also likely that reproduction 
follows a similar pattern, but there is insufficient evidence at this time to draw this 
conclusion. With respect to sublethal effects, it is not clear whether such effects are 
lasting: whilst there was clear evidence of uptake of microplastics into the guts of biota 
(e.g. Sinche 2010, Hu et al. 2016, Imhof et al. 2017, Magni et al. 2018), it was also 
apparent that they rapidly void them from their guts (e.g. Wegner et al. 2012, Booth et al. 
2016, Frydkjær et al. 2017, Bruck and Ford 2018, Revel et al. 2018) such that acute 
effects on behaviour and feeding may be reversible if exposure is reduced. The extent to 
which the sublethal effects measured manifest as damage at the population level is yet to 
be established. 
Nevertheless, using threshold effect concentrations for the toxicological endpoints of 
feeding, behaviour, growth, reproduction and survival it was possible to establish a size-
specific threshold for the effect of microplastics in water on freshwater and estuarine biota 
(see section 4.2). These size-specific thresholds corresponded to concentrations that were 
lower than 90% of threshold effect concentrations recorded for all endpoints including 
sublethal effects, and the equivalent for lethal effects (survival) of freshwater and estuarine 
biota.  
By comparing these thresholds with the data on mean concentrations of microplastics per 
study reported from field samples (compiled in ER1), it was apparent that the threshold for 
lethal effects was at a higher concentration than any reported concentration of 
microplastics from freshwater and estuarine environments (Fig 20a). However, there were 
some studies of microplastics in freshwater and estuarine environments which reported 
environmental concentrations that were greater than the calculated 10%ile threshold of all 
endpoints including sublethal effects. By using quantile regression to determine the 
distribution of mean concentrations reported from field samples collected from freshwater 
and estuarine environments, it was possible to provide more confidence in the estimated 
proportion of sites that exceed the calculated 10%ile thresholds (Fig 20b). The calculated 
threshold concentrations for lethal effects were considerably higher than 99% of reported 
environmental concentrations, suggesting that lethal effects are highly unlikely. Over 
certain size ranges the calculated threshold concentration including sublethal effects was 
Currently, there is insufficient evidence (particularly of damage in field populations 
associated with high concentrations of microplastics) to draw any conclusions 
regarding the impacts of microplastics on populations of freshwater or estuarine biota. 
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exceeded by the highest 10 percentile of reported environmental concentrations (i.e. the 
calculated sublethal threshold was between the 99%ile and 90%ile), suggesting that there 
is a risk that sublethal effects may occur in a small proportion of sites.  
It should be noted, however, that the results of quantile regression are heavily influenced 
by the density of data along the y axis. Individual points have more influence on the results 
where data are sparse, particularly towards the extremes of the range. This was true of the 
upper end of the size range of particles used to calculate the 10%ile threshold of all 
endpoints including sublethal effects, and of the upper and lower ends of the range of 
reported concentrations of microplastics from freshwater and estuarine environments. This 
is important as it was towards the upper end of the range of particle sizes used in 
ecotoxicological tests where the 10%ile threshold of all endpoints including sublethal 
effects was exceeded. The inclusion of further ecotoxicological tests using larger particles 
would improve the confidence in the threshold across this critical size range. 
 
 
The calculated size specific threshold concentration for lethal effects was considerably 
higher than 99% of reported environmental concentrations, suggesting that lethal 
effects of microplastics on freshwater and estuarine biota are highly unlikely. Over 
certain size ranges the calculated size specific threshold concentration for sublethal 
effects was exceeded by the highest 10% of concentrations reported from 
environmental samples, suggesting that there may be a possible risk of some sublethal 
effects in a small proportion of sites.  
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Fig 20. Concentrations of microplastics from samples of freshwater and estuarine 
environments (mean per study considered in ER1) together with size specific 10 %ile 
thresholds concentrations for all (including sublethal) and lethal endpoints, showing a) all 
data, and b) percentile distributions of reported concentrations of microplastics from 
freshwater and estuarine environments. Nanoparticles ≤0.1 μm. 
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5. Limitations  
Key limitations of this review are outlined below; these stem primarily from the fact that this 
is a relatively new and developing scientific field.  
The size range of microplastic particles used in laboratory studies do not compare well 
with the size ranges of particles which have been quantified in the environment, where the 
methods used to date have focussed on describing concentrations of larger particles. 
Similarly, a limited range of particle types (polymers, morphologies, origin, age) have been 
used in laboratory studies compared with those found in the environment. This mismatch 
adds uncertainty regarding how applicable the findings from laboratory studies are to the 
conditions found in the environment.  
A limited range of taxa have been used in laboratory studies, which adds uncertainty 
regarding the generality of any conclusions for the range of species found in the 
environment. 
There were inconsistencies in the way methods and results were reported in different 
studies. Whilst efforts were made to extract information in a consistent way, this 
inconsistency in reporting among primary sources has constrained the comparisons that 
could be made, and will have added uncertainty when comparing among studies. 
The design of the studies considered, and the preconceptions underlying these designs, 
are likely to have influenced the results obtained by those studies. This is particularly true 
of the exposure conditions used in tests, which may have enhanced effects through the 
use of starved organisms without access to alternative food sources. 
The findings presented are infuenced by the reliability of the primary literature, including 
grey literature, on which this report is based. An assessment of the reliability of the studies 
included in this review was undertaken (see section 4.1), which indicated a decline in 
reliability over time. To limit the effect of unreliable studies, this assessment of reliability 
was used to exclude studies from critical analyses in the review. However, the field would 
benefit substantially from improvements in the reliability of the primary literature. 
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6. Conclusions 
The aim of this evidence review was to address the question “What is/are the impact(s) of 
microplastics on freshwater and estuarine biota?” using the evidence available from 
studies relevant to the biota of freshwaters and estuaries. It was clear from this evidence 
that the concentration of microplastics required to cause detrimental effects was 
dependent upon the size of the particles. As such, a single threshold concentration is not 
relevant to microplastics, and standard approaches to define hazard limits are not 
applicable. Rather a size specific threshold should be used to describe the hazard, best 
described by a relationship between particle size and the threshold concentration.  
Although limited data were available, the evidence from the literature review indicated that 
there was no difference among taxonomic groups in their susceptibility to the effects of 
microplastics. This finding contrasts with the opinion of the academic experts interviewed, 
who expected differences among taxa based on their feeding strategy, but may be due to 
the limited range of taxa used in studies, as acknowledged by the experts interviewed.  
Whilst the experts expressed concerns about the effect of chemicals adsorbed onto 
microplastic particles, the evidence from the primary literature was not conclusive: studies 
indicated positive, negative and no interaction between chemicals and microplastics. 
However, due to the variety of designs used in studies, it was not possible to draw 
substantial conclusions regarding underlying mechanisms.  
Both the systematic review and academic experts interviewed indicated that the 
ecotoxicological studies undertaken to date have used microplastic particles of types, 
sizes and concentrations that do not reflect those described by studies of microplastics in 
environmental samples from freshwaters and estuaries. However, using data accumulated 
through the systematic review it was possible to identify size specific thresholds for both 
lethal and sublethal effects on biota. Quantile regression was used to define the size 
specific concentrations corresponding to an effect in 10 percent of ecotoxicological tests, 
i.e. concentrations at this limit are lower than those that caused an effect in 90% of tests 
reported.  
By comparing these thresholds with reported concentrations of microplastics from 
freshwater and estuarine environments it was evident that the risk of lethal effects of 
microplastics on biota is very low: the size specific lethal threshold was considerably 
higher than the 99%ile of reported mean concentrations. However, the evidence 
suggested that for some particle sizes, the reported concentrations of microplastics in 
freshwater and estuarine environments might be in exceedance of the size specific 
threshold for sublethal effects on biota. It was estimated (using quantile regression) that 
this may be relevant to the highest 10 percentile of reported environmental concentrations 
globally. As such, by inference, there is a possible risk that concentrations may be 
sufficiently high to potentially cause sublethal effects in more than 10% of taxa at a small 
proportion of sites.  
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However, there are a number of caveats on this result, particularly regarding sublethal 
effects. 
i) The range of particle sizes used in laboratory ecotoxicological tests did not 
correspond well with those reported for environmental samples. This mismatch 
adds uncertainty to our understanding of risk from microplastics. The majority of 
evidence describing toxicological thresholds is for smaller particles but we do 
not know the concentrations at which such particles are present in the 
environment and, correspondingly, we don’t know the toxicological thresholds 
for the larger particles for which we do know the concentrations present in the 
environment. In particular, the confidence in the size specific lethal threshold 
was lower in the size range where exceedance occurred. 
ii) The estimates of environmental concentrations used were based on sampling and 
analytical methods that were rarely scientifically robust and appropriate (see 
ER1). 
iii) It is not clear if the sublethal effects measured in ecotoxicological tests are 
permanent, nor the extent to which the sublethal effects measured manifest as 
damage at the population level. 
iv) Tests were typically conducted under conditions that would enhance the uptake of 
microplastics relative to field conditions and, hence, may represent a “worst 
case scenario”. 
As no studies provided evidence to suggest that microplastics had an impact on 
populations of aquatic organisms in freshwaters and estuaries, it is not possible to verify 
the conclusions regarding sublethal effects.  
This report also concludes that the evidence regarding the impact of microplastics on 
freshwater and estuarine biota is generally of low reliability. Of concern is the fact that the 
quality of published works appears to be declining. 
7. Recommendations  
It is strongly recommended that the authors and publishers of ecotoxicological studies of 
microplastics follow robust criteria for reporting and evaluating ecotoxicity data such as the 
CRED method outlined by Moermond et al. (2016). We also recommend that authors of 
reports present methods and results in a more consistent manner, for example the units 
used to express dose concentrations and the type of threshold values reported. 
A single threshold concentration is not relevant to microplastics, and standard approaches 
to define hazard limits are not applicable: it is recommended that any thresholds used by 
regulators to describe the hazard presented by microplastics when setting safe limits 
should take the size of particles into account. 
It is also recommended to the research community that evidence is gained from further 
robust tests of the effects of microplastic particles of a size, type, polymer and age that is 
relevant to those described by studies of microplastics in environmental samples from 
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freshwaters and estuaries. This is particularly true of larger microplastic particles, as very 
few tests have been conducted with particles greater than 100 µm.  
It is also recommended to the research community that natural inert particles are used as 
a control in a dose response manner in order to determine if any effects are attributable to 
the microplastic per se, or simply an effect caused by particles of no nutritional value. 
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Appendix A ER3_Capture.xls 
See Excel spreadsheet ER3_Capture.xls. Column headers reproduced here for convenience 
Evidence               
Ref No Reference Year Title Journal Vol Pages URL 
free free free free free free free free 
 
Taxonomic Group 
Species 
detail Size of organism 
Functional 
group Study Type Waterbody Type 
      units       
menu free free menu menu menu menu 
 
Matrix exposed to Plastic     
Size of particles   
considered (in µm) 
  Macro- Micro- Nano- mean smallest largest 
menu Y/N Y/N Y/N free free free 
 
Morphology of particles considered Polymers considered 
Sources/products 
considered 
  
Character 
  detail   detail Primary/secondary 
menu free menu free menu menu 
 
Adsorbed chemicals Adsorbed microbes Other multiple-stressors 
Toxicological 
endpoint   
  Which Chemicals?   Which Microbes   Which other Stressors   detail 
Y/N free Y/N free Y/N free menu free 
 
Concentration used Concentration consumed 
Lowest Highest Number of treatment levels Threshold Relationship Details Units Lowest Highest Threshold Units 
free free free free menu free 
 
free free free menu 
 
Effect attributed to adsorbed 
Effect of multiple 
stressors Population level effects? 
 chemicals microbes detail   detail    detail 
Y/N Y/N free Y/N free Y/N free 
 
Continent UK Location   
  UK Lat Long Comments 
menu Y/N free free free 
menu = choice of options from pull down menu 
Y/N = choice of Yes or No from pull down menu 
free = any information can be entered into the field 
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Appendix B Evidence Sources Used 
Reference Year Title Journal Vol Pages 
 Aljaibachi, R 
and Callaghan 
A 
2018  Impact of polystyrene 
microplastics on Daphnia magna 
mortality and reproduction in 
relation to food availability 
PeerJ 6  e4601 
 Al-Jaibachi, R, 
Cuthbert RN 
and Callaghan 
A 
2019  Examining effects of ontogenic 
microplastic transference on 
Culex mosquito mortality and 
adult weight 
Sci Total 
Environ 
651  871-876 
 Asmonaite, G, 
Larsson K, 
Undeland I, 
Sturve J and 
Almroth BC 
2018  Size Matters: Ingestion of 
Relatively Large Microplastics 
Contaminated with Environmental 
Pollutants Posed Little Risk for 
Fish Health and Fillet Quality 
Environmental 
Science & 
Technology 
52  14381-
14391 
 Asmonaite, G, 
Sundh H, Asker 
N and Carney 
Almroth B 
2018  Rainbow Trout Maintain 
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